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APPLICATIONS OF PRIMARY CELL CULTURES IN THE STUDY
OF ANIMAL VIRUSES* *
11. Variations in Host Responses to Infection by
Certain Arthropod-borne Virusest
In studies of the susceptibility of various primary tissue culture systems to
arthropod-borne virus infection, it was found that host cell reactions in-
duced by certain members of this group of viruses may take a variety of
forms under the influence of various conditions.8'9 ""' Thus, a single virus
strain may stimulate a different type of cellular response in each of two
equally susceptible culture systems. For example, when Semliki forest
virus was grown in chick embryo and rhesus monkey kidney monolayers,
each culture system responded differently even though virus multiplication
was proceeding at about the same rate in both as shown by the titration
of infected tissue culture fluids in mice (Fig. 1). When these infected
cell monolayers were examined microscopically, it was noted that the chick
embryo cells were apparently undergoing rapid, irreversible, degenerative
changes two days after virus inoculation, while only limited foci of some-
what questionable cytopathic changes were observed in the rhesus cultures
inoculated under similar conditions. Plaques would form under an agar
overlay, however, at the same rate in both types of cultures and independ-
ently of the cytopathic responses observed in the parallel fluid cultures.'
It is, therefore, the purpose here to review such types of variations in cell
culture responses induced by selected members of the arthropod-borne virus
sero-groups.'
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VIRAL CYTOPATHOGENICITY IN FLUID CULTURES
Cytopathic effects (CPE) detected microscopically have been most com-
monly used as the criterion for arthropod-borne virus infection in tissue
culture.'8"6,19 2' 2' An analysis of such responses of certain primary cell
cultures to a number of arthropod-borne viruses was undertaken to deter-
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FIG. 1. Growth curves of Semliki forest virus
in chick embryo (CE) and rhesus monkey kid-
ney (RH) tissue cultures with accompanying
cytopathic effects (CPE).
mine the suitability of this re-
action for determining host cell
susceptibility. CPE produced
in cultures as the result of
arthropod-borne virus infec-
tion have generally taken the
form of a progressive granu-
lation, rounding, clumping,
and ultimate dislodgement of
cells from the surface of the
culture vessel. Examples of
some of these cellular changes
are illustrated in Figure 2.
Whatever the origin of the
cells in culture or the type of
agent, the cytopathic responses
are quite similar and compara-
tively distinct as compared
with groups of other cyto-
pathic agents such as the en-
teroviruses,U adenoviruses, or
measles virus.7
In Table 1 are summarized
in a qualitative fashion, the
cytopathic reactions induced by 19 arthropod-borne viruses in primary cell
cultures prepared from various mammalian and avian tissues. It should
be emphasized that these reactions are based on the inoculation of cell cul-
tures with varying dilutions of virus prepared from infected mouse brain.
No attempts were made to adapt virus strains to specific culture systems.
In instances where virus multiplication proceeded without accompanying
cellular degeneration detectable by microscopic examination, the reaction
was recorded as negative.
Primate tissue cultures
As can be noted in Table 1, cytopathic reactions in primate kidney cell
culture (human kidney cultures included) were induced by only about one-
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ti)FIG. 2. Cytopathic effects induced by certain arthropod-borne viruses in primary cell
cultures. (i) Uninoculated rhesus monkey kidniey culture; (ii) Eastern e(quine
encephalomyelitis (EEE) infected rhesus culture, three days after inoculation;
(iii) Uninoculated guinea pig kidney culture; (iv) 'Mayaro infected guinea pig kidney
culture, two days after inoculation; (v) Uninoculated duck embrvo culture; (vi) \Vest
Nile infected duck embryo culture, five days afte:r inoculationi.CHICK
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FIG. 3. Plaques of Middelburg virus (group A) in chick embryo 2 days after
inoculation, in Pekin duck kidney 4 days after inoculation, and in rhesus monkey
4 days after inoculation.
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FIG. 4. Dog kidney cultures inoculated with Bunyamwera virus (ungrouped), 9 days
after infection, Ilheus virus (group B), 9 days after infection, andl \Vrest Nile virus
(group B), 11 days after infection.
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FIG. 5. Chickungunya (group A), Ilheus (group B), and Murutucu (group C) virus
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FIG. 6. Plaques of Semliki forest virus at various dilutions (10-, 10', 10-l) in chick
embryo tube cultures, two days after inoculation.
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half the viruses studied (9 out of 19). It is conceivable, however, that
many viruses recorded as non-cytopathic in the first or subsequent passages
could have been adapted to certain primate tissue cultures and ultimately
be classified as cytopathic agents."'n
Non-prinate mammalian tissue cultures
Kidney cultures prepared from seven animal species were collectively
capable of supporting multiplication of 16 out of 19 viruses with accom-
panying cytopathic reactions (Table 1). Hamster and guinea pig kidney
cultures were generally more responsive to infection than tissues obtained
from other animals of this group, as was similarly noted by other investi-
gators."6' Kidney tissue from porcine fetuses was found previously to be
suitable for the propagation of Japanese B encephalitis virus using the
cytopathic index.'7 Cultures prepared in this laboratory from adult kidney
tissues of this same animal species, however, did not show evidence of CPE
following Japanese B virus inoculation. In addition to those non-primate
mammalian species listed, primary cell cultures prepared from whole mouse
embryos and cat and calf kidney tissues were also inoculated, but recog-
nizable CPE were not evident with any of the 19 viruses tested.
Azian tissue cultures
From an earlier report,' it would appear that avian embryonic tissues,
particularly the developing chick embryo, would generally be the most
promising for propagation of the arthropod-borne viruses. More recently,
reports concerning a broader application of this tissue type for supporting
growth of numerous arthropod-borne viruses have appeared." 21' A,28,2,' The
cytopathic spectrum as shown in Table 1 for cultures derived from chick
embryos and from kidney tissues of Pekin ducks and white Leghorn
chickens were generally more responsive when infected with the sero-group
A rather than with the group B viruses, though certain group B viruses
did induce CPE in duck and chicken kidney cultures.
PLAQUE-TYPE REACTIONS UNDER AGAR OVERLAY
Variations were evident, in many instances, in the rate of plaque develop-
ment and the size, shape, and texture of plaques produced by various viruses
when grown in cell cultures prepared from tissues of chick embryos, Pekin
ducks, rhesus monkeys, or dogs. Middelburg virus, for example, produced
clear, circular plaques in cultures from avian tissues but hazy, irregular
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plaques in rhesus monkey kidney cultures (Fig. 3). Bunyamwera virus,
on the other hand, formed minute almost pin-point type plaques in dog
kidney cultures while Ilheus and West Nile viruses, grown in the same
culture type and for the same period, produced larger plaques with clear
TABLE 2. COMPARISON OF CYTOPATHIC AND PLAQUE REACTIONS FOR
SELECTED ARTHROPOD-BORNE VIRUSES OF THE MAJOR SERO-GROUPS
Viruses
Cellular changes in primary tissue cultures
Rhesus
Chick embryo Duck kidney monkey
CPE Pl. CPE Pl. CPE Pl.
Group A*
EEE (WEE, VEE)
Sindbis (Semilki)
Mayaro
Middelburg
Chickungunya
Group B**
JBE (Buss., SLE)
WN (Zika, Uganda S)
Ntaya
Ilheus
Group Ct
Marituba (Oriboca,
Apeu, Murutucu,
Caraparu)
+ + + + + +
+ + + + 0 +
I(Sda) + + + 0 +
O + 0 + 0 +
O O + + 0 +
o o 0 + 0 0
o o + + 0 0
+ I 0 0
O 0 0 0 + +
O O 0 0 I +
* Plaques first appear in 2-3 days (except Mayaro).
** Plaques first appear in 4-6 days.
1 Plaques first appear in 5-7 days.
+-Plaques or CPE evident.
0-No CPE or plaques evident.
I-Inconsistent CPE or plaques.
centers but with irregular or serrated edges (Fig. 4.) Generally, however,
most of the arthropod-borne viruses, regardless of the sero-group to which
they belonged, induced similar types of plaques in rhesus cultures (Fig. 5).
The plaque variations which did occur were usually not found to be suffi-
ciently distinctive for each virus or sufficiently characteristic for each sero-
group for purposes of virus differentiation, as has been done with the
enteroviruses?.
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CYTOPATHIC EFFECTS VS. FORMATION OF PLAQUES
A comparative study of virus-induced cytopathic effects in fluid cultures
and plaque reactions under an agar overlay was undertaken. In these
studies, a total of 21 viruses was examined in chick embryo, Pekin duck
kidney, and rhesus monkey kidney primary cell cultures. The results (Ta-
ble 2) show that the incidence of plaque formation far exceeded the induce-
ment of cytopathic reactions by these viruses. It could be demonstrated,
TABLE 3. COMPARATIVE TITRATIONS OF REPRESENTATIVE ARTHROPOD-BORNE
VIRUSES UTILIZING CYTOPATHIC, PLAQUE, AND
MOUSE INFECTIVITY ENDPOINTS
Tissue culture titration/O.1 ml.
Infant mouse
Virusstrain Tissue culture system Log TCDso Log Av. PFU Log LDso/l.O ml.
EEE CE 7.1 8.8 7.4
Sindbis CE 6.4 8.0 7.2
Semliki RMK 6.5 7.6 6.9
Ntaya PDK 4.5 5.7 5.4
Ilheus RMK 5.4 6.5 5.7
West Nile PDK 6.6 7.9 6.8
CE-Chick embryo.
RMK-Rhesus monkey kidney.
PDK-Pekin Duck kidney.
in most instances, that if a virus was capable of multiplying in any single
culture system, plaques but not necessarily CPE would result. Further-
more, plaque reactions have been found to be consistent from experiment
to experiment as opposed to the erratic and at times questionable CPE in
fluid cultures.
In addition, the plaque method has been found to be usually more sensi-
tive for virus assay than cytopathic reactions or mouse infectivities. Ex-
amples of parallel titrations utilizing such cytopathic, plaque, and mouse
lethality endpoints are shown in Table 3. Virus titers obtained in infant
mice were usually about equal to those obtained in fluid cultures. The
plaque method, however, whether performed in bottle? or tubes8 (Fig. 6),
was found to be 10 and often 100 times more sensitive than either of the
other methods (certain group C viruses excepted).'
Of the group A viruses, Eastern, Western, and Venezuelan equine
encephalomyelitis (EEE, WEE and VEE), Sindbis, and Semliki forest
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viruses all produced CPE in fluid chick embryo cultures as well as plaques
under agar two-three days after infection (Table 2). Mayaro virus-in-
duced CPE were evident in chick embryo fluid cultures only when high
multiplicities of virus were inoculated, and plaques appeared only when
cultures were kept five to six days after infection. Fluid chick embryo
cultures also supported multiplication of Middelburg virus, even though
CPE were usually absent, but plaques were regularly demonstrable in agar
overlaid cultures. All of the group A viruses studied formed plaques in
Pekin duck embryo and rhesus monkey kidney cultures, but again in many
instances, CPE in parallel fluid cultures were questionable or not detect-
able.
Pekin duck kidney or duck embryo cultures were found to be quite suit-
able for supporting multiplication of most of the group B viruses with
plaques appearing in five-six days after inoculation and induced by Jap-
anese B, St. Louis, Ntaya, West Nile, and Bussuquara (Table 2). Jap-
anese B, St. Louis, and Bussuquara failed to induce recognizable cyto-
pathic changes in fluid cultures, though within the same virus serogroup,
distinct CPE were produced by West Nile, Zika and Uganda S viruses.
Ntaya virus was capable of multiplying in duck cultures with resulting
cytopathic changes, but plaques under agar overlay were difficult to demon-
strate. Ilheus, on the other hand, produced both CPE and plaques in rhesus
but not in duck cultures.
Of the group C viruses studied, all produced plaques in five-seven days
in rhesus overlaid cultures with variable or no cytopathic alterations in
parallel fluid cultures (Table 2). Rhesus monolayers, however, were found
to have a low degree of susceptibility to Apeu and Caraparu although
plaques could be demonstrated regularly when high multiplicities of virus
were inoculated.'0
In general group A viruses were found to multiply in both avian (chick
embryo and Pekin duck kidney or embryo) and the primate (rhesus mon-
key kidney) cell systems with few exceptions. Group B viruses could be
propagated in Pekin duck kidney or Pekin duck embryo cultures, but not in
chick embryo or rhesus monkey kidney (except Ilheus), and the group C
viruses produced only plaques in rhesus monkey kidney cell cultures. Thus,
the grouping patterns based on serology4 and the grouping patterns evident
byvirushostcell rangemaybequitesimilarwithrespect to certain arthropod-
borne viruses. Furthermore, the grouping or sub-grouping of viruses by
their tissue culture susceptibility spectrum as previously proposed""1
may be an important technique for further categorizing the ever-expanding
members of arthropod-borne virus family.
356
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SUMMARY
During attempts to investigate the responses of 15 different primary
cell cultures to infection by certain arthropod-borne viruses, two (Pekin
duck and rhesus monkey) or more culture systems were capable of sup-
porting multiplication of essentially all the virus strains tested. Arthropod-
borne virus plaque formation in agar overlaid cultures was found to be a
better index of tissue culture susceptibility to infection than virus induced
CPE in fluid culture systems. In addition, virus assay by the plaque
method was usually found to be more sensitive than assays performed by
either the cytopathic or infant mouse lethality endpoints. The morphology
of plaques produced by specific viruses varied depending upon the cell cul-
ture system used, and it was not possible to differentiate the arthropod-
borne viruses by the types of plaques formed. However, sero-group differ-
entiation could be made to some extent with certain viruses on the basis
of host cell susceptibility range.
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